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Abstract 
Much of the developed world is currently affected by an overweight epidemic.  A large population of people are 
undertaking a personal fitness regime in order to improve fitness, lose or maintain weight or for general health 
reasons. Conventionally, the best method to achieve the greatest results was often to obtain the services of a personal 
trainer. These fitness professionals are educated in physiology, exercise science and motivational methods, and use a 
combination of these expertise to design and assist in the performance of a tailored exercise program. With the advent 
of Smart Phones and affordable sensing technologies, the possibility to automate several of the functions of a 
personal trainer has emerged. These “Virtual Trainers” allow a person to manage their own personal fitness program 
while integrating close monitoring, sports science knowledge and motivational aspects - several of the same services 
a personal trainer will provide. This paper discusses several of the most widely used “Virtual Trainer” systems 
available today. 
© 2012 Published by Elsevier Ltd. 
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1.  Introduction 
There are several reasons why the “Virtual Trainer” has recently become an active area, both in the 
research and consumer device domains. Obesity has become one of the most serious issues facing the 
health of the population in the western world. Several of the leading causes of death in the United States 
and the E.U can be contributed, at least in part, to obesity. Heart disease, liver disease, bowel cancer, 
breast cancer, kidney cancer and diabetes are all heavily linked to obesity [1]. Looking past the direct 
pathological effects of obesity, there are significant effects to a person’s quality of life. The ability to 
perform activities of daily life can be affected by obesity. Some of the most effective methods of treating 
and avoiding obesity are a controlled diet and increased physical activity [2]. Personal trainers are 
knowledgeable with regards exercise performance and optimal, tailored exercise practices. However, a 
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large proportion of overweight people who have a desire to lose weight will not consult a personal trainer. 
This may be due to financial cost, embarrassment or lack of knowledge. The virtual trainer may provide 
an effective method of combating these blocks.  
2.  The Virtual Trainer 
The Virtual Trainer is a relatively new phenomenon in the fitness world made possible by the increase 
in mobile computers (Smart Phones) and more affordable sensing technologies. By integrating some of 
the monitoring, motivation and educational knowledge that a personal trainer provides into a personal 
device, a user can benefit significantly in their fitness routines.  
2.1.  Existing Technologies 
There are several “Virtual Trainer” systems currently available in the consumer domain. A subset of 
some of the most widely used options is discussed in this paper. Though this group is far from exhaustive, 
for the purposes of this paper, the systems chosen show the wide range of abilities that a “Virtual Trainer” 
can provide. Figure 1 shows the systems to be discussed. 
The systems shown in Figure 1 are divided into three categories for the purposes of this paper, 1) 
Smart Phone Applications, 2) Sensor devices 3) Image Processing devices. Each category provides 
different advantages, which will be discussed in detail here. Table 1 shows an outline of the abilities 
provided by the six trainers. 
Fig. 1. Virtual Trainer Systems: (A) miCoach; (B) Nike+; (C) Endomondo; (D) Polar Heart Rate Monitor & Watch; (E) Runkeeper; 
(F) Kinect 
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Table 1. Virtual trainer system attributes 
  Hardware Technologies 
Parameters 
Monitored 
Exercise
Feedback
Post Exercise 
Feedback
Training 
Programs 
Users 
Nike + 
Smart Phone 
Smart Phone 
Application
Distance
traveled
Audio
feedback 
Online
dashboard 
Running 
> 4,000,000 
Foot pod 
GPS Speed data 
Graphical
feedback Different 
Distances
Wristband Footswitch Altitude data 
Energy 
Expenditure Current 
Ability
    
miCoach 
Smart Phone 
Smart Phone 
Application
Distance
traveled
Audio
feedback 
Online
dashboard 
Various 
Sports 
Unavailable
Foot pod 
GPS Speed data 
Graphical
feedback 
Wristband Accelerometer Altitude data Resistive + 
Aerobic 
Training Chest Strap 
Heart Rate 
Monitor
Heart Rate 
Monitor
Energy 
Expenditure 
Heart Rate 
data Heart Rate 
Zones 
Current 
Ability
Polar
Wristwatch 
Wristwatch 
Distance
traveled
Wristwatch 
text
feedback 
Online
dashboard, 
.csv, watch 
interface 
Running 
 Unavailable 
Chest Strap 
Heart Rate 
Monitor
Heart Rate 
Monitor Speed data 
Cycling 
Accelerometer Altitude data 
Energy 
Expenditure 
Heart Rate 
Zones 
Foot pod Heart Rate 
data
Resistive + 
Aerobic 
Training 
GPS module    
Runkeeper
Smart Phone 
Smart Phone 
Application
Distance
traveled
Audio
feedback 
Online
dashboard 
Running 
6,425,000[3] GPS Speed data 
Graphical
feedback 
Different 
Distances
Altitude data Current 
AbilityEnergy 
Expenditure 
Endomondo 
Smart Phone 
Smart Phone 
Application
Distance
traveled
Audio
feedback 
Online
dashboard 
> 6,700,000 GPS Speed data 
Graphical
feedback 
Altitude data 
Energy 
Expenditure 
Microsoft 
Kinect
Kinect
IR Emitter 
Body 
orientation 
Audio
feedback Television 
interface 
Resistive + 
Aerobic 
Training 
18,000,000 
kinect users 
Xbox 360 
IR Camera 
Body 
position
Visual form 
feedback  
It is evident from Table 1 that the technologies utilized in these “Virtual Trainers” do not vary widely. 
However the data generated are handled in different ways across the various trainers.  
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2.1.1.  Category 1 – Smart Phone Applications 
“Virtual Trainers” based on stand-alone smart phone applications usually use either GPS or the 
onboard kinematic sensors as the technologies of choice for monitoring exercise. The applications 
included in Table 1, Runkeeper and Endomondo, both utilize GPS for monitoring activities. Table 1 
shows the multitude of parameters that can be determined using GPS. A drawback of using GPS is that it 
is confined to activities that involve moving from one location to another such as running, cycling, skiing 
etc. A significant advantage of this category of “Virtual Trainer” is that it allows use by anyone owning a 
Smart Phone. With smart phones becoming increasingly ubiquitous in the developed world, this allows 
the trainers to reach significant user bases. A second advantage of using a smart phone application is the 
wide range of related applications available for integration. For example any application like the ones 
listed in Table 1 would benefit from integration with a diet-tracking platform. In fact, Runkeeper recently 
released the Application Programming Interface for integration with their system as well as the 
Runkeeper developer program. 
2.1.2.  Category 2 – Sensor Devices 
The Sensor Device category of “Virtual Trainer” comprises of any system that uses a central controller 
and an external sensor. The three systems from this category listed in Table 1 are Nike+, miCoach and 
Polar devices. In the case of Nike+ and miCoach, the central controller is a smart phone, wristband or 
stand-alone embedded controller. In the case of Polar systems, the central controller is usually a 
wristwatch. The external sensors include footswitches, accelerometers, heart rate sensors and external 
GPS sensors. The advantage of sensor device based trainers is increased functionality. These systems 
have the ability to monitor an increased number of parameters during exercise. In addition to this 
increased monitoring functionality, the sensor-based devices also avoid the drawback of only monitoring 
activities involving change in location. Using sensors such as accelerometers and footswitches, semi static 
activities such as running on a treadmill or using a stationary bike can still be monitored by detecting 
certain events such as steps. These detections can be performed in a number of different ways using 
neural networks, decision trees, support vector machines, Markov models etc. With the integration of 
these sophisticated detection algorithms, the number of events that can be detected can be significantly 
increased. 
2.1.3.  Category 3 – Image Processing 
Image processing is not a recent concept. However, conventional image processing tends to be 
relatively complex and computationally intensive. This has lead to minimal integration to virtual training. 
The recent introduction of the Microsoft Kinect helps to solve both of these problems. Using an Infrared 
emitter and camera, the process is simplified significantly. The advantage of image processing is that it 
enables a “Virtual Trainer” to monitor the exact movement and position of the entire body during 
exercise. This allows the trainer to ensure optimal performance of the exercise, which leads to the best 
possible results. Figure 2 shows an example of the “Your Shape” Kinect virtual trainer monitoring the 
performance of a punch-squat exercise. The trainer on the left shows the proper form, the figure on the 
right shows the users current position and flags any deviation from proper form. The Kinect is limited to 
semi static activities such as squats or press-ups as the activity must take place within a relatively small 
area in the Kinect’s view. Another advantage of “Virtual Trainers” based on the Kinect platform is that it 
is a very accessible form of exercise. It overcomes some of the mental blocks that people who are not 
used to exercise have to deal with. Exercise form can be explained and poor performance can be corrected 
with no embarrassment on the exercisers behalf. 
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2.2.  During Exercise Feedback 
All of the “virtual training” systems discussed in this paper provide some type of feedback to the user 
during exercise. In the case of the category 1 and 2 systems, this feedback can include the time passed, 
distance traveled, energy expenditure estimate, average and current speed and average and current heart 
rate. The during exercise feedback provided by the Kinect differs significantly. In addition to the 
quantitative data relayed by the other systems, trainers on the Kinect platform can also provide qualitative 
feedback. As discussed in Section 2.1.3, the Kinect gives trainers the ability to critique form and 
performance of exercise in real-time and to grade that performance. Therefore, the optimal performance 
of the exercise is encouraged through the during exercise feedback.  
2.2.1.  During Exercise User Interface  
User interface is of the upmost importance in the “Virtual Trainer’s” feedback during exercise. While 
exercising, it is difficult to interact with technological platforms without disrupting exercise routine. 
Therefore, systems should be designed with the least obstructive user interface possible. In the case of 
Runkeeper, Endomondo, Nike+ and miCoach the majority of user interaction during exercise is done over 
an audio interface. Audio notifications are delivered at set intervals or at certain goals. Graphical 
feedback through the smart phone display is designed to be as clear as possible and to deliver the 
information at a glance. The miCoach system has gone further with the simplification of their interface. 
The miCoach wristband contains a LED display as well as a multicoloured LED. The display can show 
heart rate, calories burned and time by pressing a button, however, the multicolored LED is designed to 
provide and even more simple interface. The LED flashes at a rate to equal the current heart rate. The 
LED is colored to show the current heart rate zone the user is in. This allows the person to assess exercise 
intensity through the LED’s colour with a very quick glance at the wrist strap.  
2.3.  Post Exercise Feedback 
Post exercise feedback from the “Virtual Trainer” provides two main functions. The first function is to 
allow a user to interact with and learn from their previous exercise performance data. By studying 
performance over time, certain trends begin to emerge. For example, a person’s increases in performance 
ability may plateau indicating a change in training program would be beneficial. The second function of 
Fig. 2. Kinect monitoring exercise performance 
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post exercise feedback is motivation to adhere to exercise. Polar, Runkeeper, Endomondo, Nike+ and 
miCoach all provide and online dashboard to display post exercise feedback. These dashboards contain all 
of the data generated by the systems. The data are displayed through graphs and figures in such a way as 
to simplify analysis. This allows for the first function of interacting with and planning future exercise. 
These online dashboards are also used for the second function of post exercise feedback discussed here. 
Motivation is delivered in several ways. Reinforcement of exercise is done through reward schemes. 
Users are given “badges” for completing certain tasks or reaching goals. These are presented through the 
dashboards. Social re-enforcement is also used. Runkeeper, Endomondo, Nike+ and miCoach all provide 
the functionality to connect to friends. These exercise social networks are used to motivate increased 
exercise through challenges and displaying friends exercise performance.  
2.4.  Training Programs 
In addition to the monitoring and motivational capabilities provided by these trainers, several of the 
“Virtual Trainers” discussed here provide a platform to aid the planning of an exercise regime. Nike+ 
provides training plans to reach different distances for different abilities. Plans are made up of different 
length runs to incorporate training and rest days. Runkeeper provides similar plans. miCoach provides by 
far the most detailed training programs of any of the systems discussed in this paper. Based on the users 
end goal, miCoach will recommend a different program. This is not limited to running; different sports 
will target different areas for training based on current ability and specific goal. Programmes combine 
resistance and aerobic training to meet goals. All of these systems will also monitor and coach the user 
through their chosen training programme. 
3.  Conclusion 
There is a wide range of technologies yet to be integrated into the world of sports and exercise and 
several technologies to be introduced in the near future that will make a significant difference to the 
virtual trainer. Wearable technologies may be one of the most important developments to be integrated 
into the “Virtual Trainer”. The virtual trainer is a valuable addition to the world of fitness and exercise. 
When designed in consultation with personal trainers, sports scientists and behavioral scientists a virtual 
trainer can be an extremely effective tool for achieving optimal results from an exercise regime.  
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